The authors investigated variations in cognitive ability by gestational age among 13,824 children at age 6.5 years who were born at term with normal weight, using data from a prospective cohort recruited in 1996-1997 in Belarus. The mean differences in the Wechsler Abbreviated Scales of Intelligence were examined by gestational age in completed weeks and by fetal growth after controlling for maternal and family characteristics. Compared with the score for those born at 39-41 weeks, the full-scale intelligence quotient (IQ) score was 1.7 points (95% confidence interval (CI): À2.7, À0.7) lower in children born at 37 weeks and 0.4 points (95% CI: À1.1, 0.02) lower at 38 weeks after controlling for confounders. There was also a graded relation in postterm children: a 0.5-points (95% CI: À2.6, 1.6) lower score at 42 weeks and 6.0 points (95% CI: À15.1, 3.1) lower at 43 weeks. Compared with children born large for gestational age (>90th percentile), children born small for gestational age (<10th percentile) had the lowest IQ, followed by those at the 10th-50th percentile and those at the >50th-90th percentile. These findings suggest that, even among healthy children born at term, cognitive ability at age 6.5 years is lower in those born at 37 or 38 weeks and those with suboptimal fetal growth.
Recent studies have shown that pregnancy outcomes such as perinatal death, low 5-minute Apgar score, and maternal hemorrhage vary by gestational age, even at term (1, 2). Zhang and Kramer (3) have found that infant mortality (both neonatal and postneonatal) and neonatal morbidity vary by week of gestation among term births. These findings suggest considerable heterogeneity in outcome among births at or beyond 37 completed weeks.
It is well established that children born small for gestational age or preterm (<37 weeks) have lower cognitive ability than their appropriate-for-gestational-age or term counterparts (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) . It is therefore often assumed that children born at term are homogeneous with respect to longterm cognitive development. Recently, studies have reported a positive association between birth weight and cognitive ability even among children with birth weight within the normal range (14) (15) (16) , although residual confounding by unmeasured family characteristics may have biased the results (17, 18) . Although there are many studies on cognitive ability variations by birth weight, studies to examine the variation by gestational age are very limited. To our knowledge, there are only 2 such studies, but 1 did not adjust for important confounders including socioeconomic position (19) and the other was based on men only (20) . Moreover, neither of these studies focuses on variations in cognitive ability by each week of gestation among children born at or beyond 37 completed weeks of gestation.
In this study, we took advantage of a 6.5-year follow-up of Belarusian children participating in a large, randomized trial known as the Promotion of Breastfeeding Intervention Trial (PROBIT) to examine whether child cognitive ability is associated with gestational duration and birth weight for gestational age among healthy, normally grown term births.
MATERIALS AND METHODS

Participants
A full description of the original trial has been published elsewhere (21) . In brief, PROBIT is a cluster-randomized controlled trial in the Republic of Belarus of a breastfeeding promotion intervention modeled on the World Health Organization/United Nations Children's Fund (formerly the United Nations International Children's Emergency Fund) Baby-Friendly Hospital Initiative. A total of 17,046 mothers and their healthy, full-term infants whose birth weight was at least 2,500 g were recruited from 31 maternity hospitals and affiliated polyclinics during their postpartum stay between June 1996 and December 1997. After frequent follow-up visits during the first year of life, 13,889 of the children were interviewed and examined at age 6.5 years. The study received approval from the institutional review board of the Montreal Children's Hospital, and signed consent in Russian was obtained from all participating mothers.
Measures
At the 6.5-year follow-up, cognitive ability was measured by the Wechsler Abbreviated Scales of Intelligence (WASI) (22) . The WASI consists of 4 subtests of vocabulary, similarities, block designs, and matrices. The WASI was translated from English to Russian and back-translated to ensure comparability of the Russian version. It was administered by the polyclinic pediatricians after extensive training and followup monitoring by child psychologists and psychiatrists in Minsk, Belarus. Interpediatrician agreement was high, with Pearson correlation coefficients of 0.80 (95% confidence interval (CI): 0.67, 0.89) for vocabulary, 0.72 (95% CI: 0.54, 0.83) for similarities, 0.80 (95% CI: 0.67, 0.89) for block designs, and 0.79 (95% CI: 0.66, 0.88) for matrices in a convenience sample of 45 children during a 1-week training workshop (23) . The present study used the total score of the WASI, the full-scale intelligence quotient (IQ), for a measure of general cognitive ability of children. We also, however, assessed the associations with verbal and performance IQ.
Of children followed up at 6.5 years of age, those who had begun school were also evaluated by their teachers in mathematics, reading, writing, and other subjects according to a 5-point Likert scale as far below (1), somewhat below, at, somewhat above, or far above (5) his or her grade level based on items in the Teacher Report Form of the Child Behavior Checklist (24) . Associations with gestational age and birth weight for gestational age were also examined for these academic performance measures.
Gestational age in completed weeks and birth weight were obtained from hospital records during the maternity stay. Gestational age was confirmed by ultrasound dating for 93.9% of the children. In only 3.8% was the gestational age estimate based solely on maternal report of the last menstrual period and in 2.3% by obstetric and/or pediatric clinical estimates. Fetal growth was based on the Canadian sex-specific reference for birth weight for gestational age (25) (Canadian standards were used because no Belarusian reference is available). Birth weight for gestational age was categorized as <10th percentile (small for gestational age), 10th-50th percentile, >50th-90th percentile, and >90th percentile (large for gestational age).
Potentially confounding maternal and family characteristics were obtained by maternal report at enrollment. They include maternal age at the birth of the index child, height, smoking and drinking during pregnancy, marital status, number of children in the household at the time of birth, and parental education and occupation.
Statistical analysis
As PROBIT is a cluster-randomized trial, children were nested within polyclinics where all child outcomes were measured by pediatricians. Clustering introduces similarities of study variables among children within the clusters and violates the requirement for independence among the units of statistical analysis (children). We previously reported an intraclass (within-cluster) correlation coefficient for full-scale IQ of 0.31 (23) . The intraclass correlation coefficient for academic performance assessed by teachers was 0.09. To account for the clustering, we used a linear generalized estimating equations regression analysis. This approach allows the intracluster correlation to be estimated and taken into account to generate the regression coefficients and their correct standard errors. Even if the chosen correlation structure is incorrect or if the strength of the correlation varies among clusters, estimation of the coefficients is not affected (26) . A generalized estimation equation approach was thus used to estimate population-average effects of gestational age across clusters while controlling for the potential effects of the clustering on cognitive ability variations. The mean differences in cognitive ability by each week of gestation (adjusted for clustering) were estimated compared with those born at 39-41 weeks of gestation as reference.
RESULTS
The 13,889 children followed up at age 6.5 years represented 81.5% of the original sample of 17,046 children, of whom 13,824 received the WASI tests and are included in the present study. Children who were lost to follow-up were not different from those followed up with respect to mean gestational age and birth weight, but the proportion of children born at 41 weeks was slightly higher in those lost to follow-up (8% vs. 6%). Those lost to follow-up also included more first-born children (63% vs. 56%), children from cohabiting or unmarried couples (15% vs. 11%), children whose father was a university graduate (18% vs. 12%), and children whose mother smoked during pregnancy (3% vs. 2%). Table 1 presents the characteristics of children by gestational weeks. Of the total sample of 13,824 children, 3.4% were born at 37 weeks, 15.2% at 38 weeks, 30.3% at 39 weeks, 43.1% at 40 weeks, 6.7% at 41 weeks, 1.2% at 42 weeks, and 0.1% at 43 weeks. Figure 1 shows the mean full-scale IQ scores by gestational age. The mean IQ increased with each completed week of gestation from 37 to 40 weeks and decreased among those born postterm. As no statistically significant differences in full-scale IQ were observed among children born at 39, 40, and 41 weeks, we combined these 3 gestational ages as a reference group. As no differences were observed in the magnitude of associations by sex (all P interaction > 0.3), we present sex-adjusted results. Table 2 presents the crude and adjusted mean IQ differences by gestational week. Compared with the score for children born at 39-41 weeks, the full-scale IQ score was 2.6 points (95% CI: À3.7, À1.4) lower in those born at 37 weeks and 0.5 points (95% CI: À1.1, À0.01) lower at 38 weeks. A graded relation was also found among children born postterm compared with those born at 39-41 weeks: 1.4 points (95% CI: À3.5, 0.6) lower at 42 weeks and 5.8 points (95% CI: À14.0, 2.5) lower at 43 weeks. These associations were attenuated with adjustment for potential confounding factors, mainly owing to differences in maternal age and family socioeconomic position. However, the overall pattern remained unchanged. After controlling for all potential confounding factors, we found that the fullscale IQ was lower by 1.7 points (95% CI: À2.7, À0.7) in children born at 37 weeks and by 0.4 points (95% CI: À1.2, 0.2) at 38 weeks compared with those born at 39-41 weeks.
In the fully adjusted model, the IQ was lower by 0.5 points (95% CI: À2.6, 1.6) in children born at 42 weeks and by 6.0 points (95% CI: À15.1, 3.1) in those born at 43 weeks.
For fetal growth (birth weight for gestational age), 9.1% of children were born small for gestational age, and 7.6% were born large for gestational age. The full-scale IQ increased steadily with fetal growth. The cluster-adjusted mean full-scale IQ was 105.0 among children born small for gestational age, 106.4 among those in the 10th-50th percentile, 107.4 at the >50th-90th percentile, and 107.8 among those born large for gestational age. Compared with children who were born large for gestational age, those born small for gestational age had the lowest score of À2.7 (95% CI: À3.5, À1.9), followed by À1.6 (95% CI: À2.5, À0.7) for those at the 10th-50th percentile and À0.8 (95% CI: À1.7, 0.1) for those at the >50th-90th percentile after controlling for gestational age and maternal and family characteristics ( Table 3) .
The interaction between gestational age and fetal growth was not statistically significant (P ¼ 0.13). In addition, the mean differences in full-scale IQ associated with gestational age and fetal growth were essentially unchanged with further adjustment for breastfeeding status.
We also examined whether length and head circumference at birth (standardized for sex and gestational age), as other measures of fetal growth, were associated with fullscale IQ. Although both measures were positively associated with full-scale IQ, the associations were small and disappeared after adjustment for birth weight. The mean differences in full-scale IQ per standard deviation were 0. 34 (95% CI: À0.06, 0.76) for birth head circumference, but associations with birth weight for gestational age were unchanged after adjustment for birth length or head circumference. The patterns of association found for verbal and performance IQ were consistent with that observed for full-scale IQ. For verbal IQ, compared with children born at 39-41 weeks of gestation, children born at 37 weeks scored 1.2 points (95% CI: À2.1, 0.3) lower, 0.5 points (95% CI: À1.0, 0.1) lower at 38 weeks, 1.0 points (95% CI: À2.7, 0.7) lower at 42 weeks, and 4.5 points (95% CI: À19.2, 10.2) lower at 43 weeks after adjustment for potential confounders. For performance IQ, the adjusted mean differences were À1.8 (95% CI: À3.1, À0.5) points for 37 weeks, À0.3 (95% CI: À1.0, 0.4) points at 38 weeks, 0.4 (95% CI: À2.1, 2.9) points at 42 weeks, and À6.0 (95% CI: À10.2, À1.7) points at 43 weeks. The adjusted mean differences in verbal IQ from children born large for gestational age were À2.4 (95% CI: À3.5, À1.2) among those born small for gestational age, À1.7 (95% CI: À2.6, À0.8) among the 10th-50th percentile, and À0.8 (95% CI: À1.7, 0.1) among the >50th-90th percentile. For performance IQ, the corresponding values were À2.4 (95% CI: À3.5, À1.3), À1.1 (95% CI: À2.0, À0.2), and À0.6 (95% CI: À1.5, 0.3), respectively.
Although academic performance ratings tended to be lower among children born at early term (37-38 weeks) and postterm (42-43 weeks) compared with those born at 39-41 weeks, the differences were small and statistically nonsignificant. For example, the adjusted mean rating differences in math were À0.03 (95% CI: À0.11, 0.05) at 37 weeks, À0.02 (95% CI: À0.06, 0.02) at 38 weeks, 0 (95% 
Sensitivity analyses
As pregnancy and birth complication rates are more frequent among early term and postterm births, we assessed the association after excluding children with any delivery, postpartum maternal, or infant complications such as maternal hemorrhage, cephalhematoma, and postpartum infection (n ¼ 2,729). Results remained unchanged from those of the main analysis. Compared with values for children born at 39-41 weeks, the adjusted mean differences in full-scale IQ were À1.9 (95% CI: À3.0, À0.8) points at 37 weeks, À0.5 (95% CI: À1.2, 0.2) points at 38 weeks, À1.1 (95% CI: À3.3, 1.1) points at 42 weeks, and À2.0 (95% CI: À12.8, 8.8) points at 43 weeks. For fetal growth, compared with values for children born large for gestational age, the adjusted mean differences were À2.9 (95% CI: À4.0, À1.7) among those small for gestational age, À1.8 (95% CI: À2.8, À0.9) among the 10th-50th percentile, and À1.0 (95% CI: À1.9, À0.1) among the >50th-90th percentile.
In order to avoid potential bias from misclassification of gestational age, we reanalyzed our data after restriction to children whose gestational age was based on ultrasound (n ¼ 12,985). The adjusted mean full-scale IQ scores were lower by 1.8 (95% CI: À2.9, À0.7) points at 37 weeks and by 0.5 (95% CI: À1.1, 0.1) points at 38 weeks. The mean IQ score of 0.1 (95% CI: À2.2, 2.4) was not different in children born at 42 weeks but, at À5.8 (95% CI: À14.9, 3.2), it was nonsignificantly lower at 43 weeks compared with those born at 39-41 weeks. The full-scale IQ was also lower by 2.4 (95% CI: À3.5, À1.3) among children born small for gestational age, by 1.4 (95% CI: À2.3, À0.5) among the 10th-50th percentile, and by 0.6 (95% CI: À1.5, 0.3) among the >50th-90th percentile compared with those born large for gestational age.
After restriction to spontaneous vaginal births (n ¼ 12,220), the adjusted mean IQ scores were 1.8 (95% CI: À3.1, À0.5) points lower among children born at 37 weeks, 0.5 (95% CI: À1.2, 0.1) points lower at 38 weeks, 0.3 (95% CI: À3.0, 2.5) points lower at 42 weeks, and 8.3 (95% CI: À16.2, À0.5) points lower at 43 weeks. The adjusted mean differences from those large for gestational age were À2.8 (95% CI: À4.0, À1.7) among children small for gestational age, À1.8 (95% CI: À2.8, À0.9) among the 10th-50th percentile, and À1.0 (95% CI: À1.9, À0.1) among the 50th-90th percentile.
DISCUSSION
We found that IQ scores varied by gestational age, even among healthy children born at !37 completed weeks of gestation. We observed a gradual increase in IQ from 37 to 40 weeks of gestation and a gradual decrease thereafter for postterm. However, the mean differences compared with 39-41 weeks were small and statistically significant only at 37 completed weeks of gestation after controlling for maternal and family characteristics. Our results also confirm previous reports that fetal growth is positively associated with cognitive ability in children with normal birth weight (14) (15) (16) . Differences in academic performances by gestational age and fetal growth were small, but the patterns were consistent with the results of IQ-lower scores in early term and postterm and monotonically higher scores with increases in fetal growth.
Our results are based on a large sample of healthy term births, permitting us to estimate gestational week-specific associations with cognitive ability. The effects estimated in our study are probably generalizable to other developed country settings, since Belarus resembles Western developed countries with respect to basic health services, sanitary conditions, and readily accessible health-care facilities, even in rural areas. Belarus has the lowest infant and child mortality rates among the Commonwealth of Independent States, with an infant mortality rate of 7 per 1,000 livebirths in 2002.
Although we adjusted for a wide range of important maternal and family characteristics, residual confounding by unmeasured family characteristics cannot be excluded. For example, child cognitive development is strongly determined by maternal cognitive ability (27) , which was not measured in our study. Some studies using family-based analyses comparing siblings within and between families suggest residual confounding in the well-known positive association between birth weight and cognitive ability in children (17, 18) , although results are not consistent across such studies (16) . As family socioeconomic position partly confounded the association observed in our and other studies (15, 17, 18) , differences in unmeasured indicators of family socioeconomic position may further confound the observed association. However, Belarus is one of the countries with the lowest degree of income inequality, as indicated by their Gini index of 29.7 compared with 40.8 in the United States (one of the highest inequality countries) and 25.0 in Sweden (one of the lowest inequality countries). Thus, the potential residual confounding by socioeconomic factors may not be as important as in other settings.
It should also be noted that the association between gestational age and IQ observed in the present study could be confounded by the underlying causes of earlier birth or suboptimal fetal growth, causes that might themselves lead to suboptimal brain development. Nonetheless, after restricting our analysis to children without delivery or postpartum maternal or neonatal complications identified by maternity hospital records, we found nearly identical results as in our main analysis, although pregnancy complications such as gestational diabetes were not recorded.
It is worth noting the clustering of mean IQ scores across polyclinics, as denoted by the high intraclass correlation coefficient of 0.31 (28) . Since IQ was measured by a single pediatrician for all children at 24 of the 31 polyclinics (2 pediatricians shared the work in 7 of the busiest polyclinics), the high intraclass correlation coefficient suggests that, despite our efforts to standardize measurements across pediatricians, IQ assessment varied across pediatricians, probably due to differences in strictness or leniency in scoring or timing of responses, rather than true geographic differences in IQ (29) . However, neither gestational age nor birth weight was measured by the pediatricians, neither substantially differed by polyclinic, and neither covaried with IQ across polyclinics. Thus, the issue here is not confounding but loss of statistical power and consequently wide confidence intervals (29) . We also note that the mean IQ in our study is higher than the English/American norms for the test (i.e., mean of 100). This probably reflects our inclusion criteria, which restricted the study sample to healthy infants born at term with birth weights of !2,500 g. The high mean IQ scores might also reflect the study pediatricians' permissive scoring of children's responses or time allotted to complete tasks or answer questions. High literacy rates in Belarusian parents, however, might result in truly higher IQ in their children. Finally, the Russian version of the WASI used in our study has not been formally validated by comparison with the Russian version of the full Wechsler scales or other instruments. Despite the lack of such validation, however, the WASI scores we obtained were strongly associated with parental socioeconomic factors and by parental education in particular. The scores were also positively correlated with children's academic performances (correlation coefficients 0.3). As shown in Table 3 , other factors considered in our study were also associated with IQ scores in the expected directions.
The positive association that we observed between fetal growth and cognitive ability in children born at term is consistent with results from other studies (14) (15) (16) . However, studies among full-term births (30, 31) are less common. The present study adds to the existing literature suggesting a positive association between fetal growth and IQ across the entire distribution of fetal growth, even among children born at term and after controlling for important confounding factors.
We have recently examined variations in cognitive ability by fetal growth comparing siblings with nonsiblings and found that the positive association disappeared in withinsibling analyses (18) . As noted earlier, the positive association observed in the present study could thus be due to residual confounding by unmeasured family characteristics. Alternatively, the disappearing effect of fetal growth in our sibling-based study could be explained by the potential biases due to relatively poorly measured birth weight and gestational age, which were based solely on maternal recall within a 2-year time window. Variations in measurement of cognitive ability might also explain inconsistent results.
Consistent with our findings, lower cognitive ability among children born postterm (!42 weeks of gestation) has been reported in a few previous studies (19, 20) . Our study further demonstrates that cognitive ability increases with each additional week of gestation between 37 and 41 weeks and in both sexes. This pattern of association across gestational weeks among term births is consistent with recent reports of increased risks of infant mortality and morbidity in late preterm (34-36 weeks) births (32, 33) and even at 37 and 38 weeks of gestation (3). Chyi et al. (34) have recently shown that healthy, late-preterm children without significant neonatal complications have poorer reading and math scores compared with those born at term. Our results suggest that mild cognitive deficit can occur even among infants born at early term compared with those born at 39-41 weeks. The gradient observed suggests that each additional week of gestation is beneficial for brain development, at least up to 39 weeks (35) .
In conclusion, recent trends toward greater fetal surveillance and more frequent and earlier labor induction (36, 37) are shifting the gestational age distribution to earlier weeks, which in turn increases both late-preterm and early term births. Although the effects that we observed are not large from the standpoint of the individual child, they should be considered by pregnant women and their caregivers when making decisions about elective induction and cesarean delivery despite some potential benefits of earlier birth (38, 39) .
